A rapid and sensitive flow-injection spectrophotometric method is proposed for the determination of sulfadiazine and sulfamethoxazole. This method is based on the diazotization of sulfonamide with sodium nitrite, and a coupling reaction of the diazo-compound with α-naphthylamine. The optimum experimental conditions are obtained by using the controlled and weighted centroid simplex method. The linear ranges for the determination of sulfadiazine and sulfamethoxazole are 0.2 -20 µg ml -1 and 0.1 -20 µg ml -1 , and their detection limits are 0.06 µg ml -1 and 0.05 µg ml -1 , respectively, and the sampling frequency is 130 samples per hour. The method has been used to determine sulfadiazine and sulfamethoxazole in pharmaceuticals and urine without separation. The results are in agreement with those obtained by a high-performance liquid chromatograph technique at the 95% confidence level.
Introduction
Sulfadiazine and sulfamethoxazole are sulfonamides used in the treatment of urinary-tract infectious, pneumocystis pneumonia, chronic bronchitis, meningococcal meningitis, acute otitis media, and toxoplasmosis. 1 They are now available as widely used pharmaceutical products and veterinary practices. At present, the standard methods for the determination of sulfadiazine and sulfamethoxazole are the titrimetric method 2, 3 and the high-performance liquid chromatographic (HPLC) technique. [4] [5] [6] The former is simple in operation and the titration error is small. However, the sensitivity is not suitable for low concentrations. The later is sensitive, but uses an elevated volume of pure organic reagents and an expensive apparatus.
Previously, aromatic amines were determined by a diazotization reaction. 7 It is based on the conversion of free primary aryl amine into a diazonium salt by a reaction with nitrous acid; the salt then rapidly forms an azo-dye with a chromogenic reagent, such as N- (1-napthyl) ethylenediamine (NED). The procedure requires the removal of excess nitrous acid by sulfamic acid, the stabilization of intermediary diazonium salt at low temperature and the expulsion of nitrogen bubbles.
By applying FIA techniques, the destruction of excess nitrite can be avoided by using a low nitrite concentration, and the side-reactions can be minimized by shortening the reaction time. Therefore, the sensitivity is increased for absorptiometric measurements. Fogg et al. 8 reported an FIA procedure for the determination of aromatic amines by monitoring at a glassy carbon electrode. The linear range of the determination was 5 -40 µg ml -1 . The sampling frequency was not reported. Koupparis 9 described an FIA procedure for the determination of sulfonamides based on diazotization and coupling with NED by spectrophotometric monitoring of the dye. The linear range of the determination was 2 -20 µg ml -1 and the sampling frequency was 72 h -1 . Diazotization and coupling in a micellar medium were applied to the determination of arylamines and sulfonamides with a simple FIA procedure. 10 The limit of detection was in the range 0.2 -0.5 µg ml -1 , and no sampling frequency was reported. Recently, Mellado et al. 11 proposed a method for the determination of sulfadiazine, which is based on the solid-phase reduction of nitrate using copperized cadmium. The linear range and sampling frequency were 0.5 -50 µg ml -1 and 72 h -1 , respectively.
In this work, a more sensitive and selective flow-injection spectrophotometric method was developed for the determination of sulfadiazine and sulfamethoxazole in pharmaceuticals and urine without any separation. The procedure is based on the diazotization reaction of sulfonamide with sodium nitrite in an acidic medium; the formed diazonium salt is then coupled with α-naphthylamine. This method does not need to get rid of excess sodium nitrite because of the low concentration of NaNO2 used. The sampling frequency reaches 130 h -1 . The results compared well with those obtained by the highperformance liquid chromatographic method.
Experimental

Apparatus
The flow-injection system used in this work is shown in Fig. 1 .
The manifold consisted of 0.7 mm i.d. polytetrafluoroethylene (PTFE) tubing. The flow-injection analysis system also included the following equipments. A sixchannel peristaltic pump (Shanghai Instrument Plant) fitted with Tygon pump tubing was used for the propulsion of fluids; sample solutions were introduced into the flow-line by a valve fitted with a by-pass coil; a Model 722 spectrophotometer (Shanghai No. 3 Analytical Instrument Plant) with a 10-mm flow-through cell was used as the detector; the signal output of the detector was recorded with an XWT-204 recorder, with the recorder response being 40 mV/cm (Shanghai Dahua Instrument Plant); the reaction coil was immersed in a Model 501 circulating thermostated bath (Chongqing Instrument Plant). For a comparison, HP1100 high-performance liquid chromatography was also used for the determinations. The procedure described in United States Pharmacopoeia 23 4 was followed closely.
Reagents
Sulfadiazine and sulfamethoxazole (China Pharmaceuticals & Biological Inspection Institute, Beijing) stock solutions (1.0 mg ml -1 ) were prepared by dissolving 0.1000 g of sulfadiazine or sulfamethoxazole in 100 ml of water. Working solutions were prepared by suitable dilution. A sodium nitrite (Merck) stock solution (1.0 mg ml -1 ) and the working solution were obtained in the same way. An α-naphthylamine (Beijing Chemical Reagent Ltd.) solution (1.5 mg ml -1 ) was freshly prepared before a measurement by dissolving 0.0750 g of α-naphthylamine in 50 ml of water. A sodium acetate (Beijing Chemical Plant) solution (0.2 M) was prepared as usual.
All reagents were of analytical or guaranteed grade, and were prepared using distilled-deionized water.
Manifold and procedure
As shown in Fig. 1 , the carrier solution (water) and the α-naphthylamine solution were each pumped into analytical lines at the same flow rate. The sample solution was mixed with sodium nitrite, hydrochloric acid and sodium acetate solutions, and about 5 min was allowed for the diazotization reaction. The mixture was introduced into the carrier stream by a loop-valve injector when the baseline was stable, and then merged with α-naphthylamine solutions. The coupling reaction took place in a reaction coil immersed in a thermostated bath. The absorbances (A) at 538 nm for sulfadiazine and 528 nm for sulfamethoxazole were monitored and the peak heights measured, respectively. The optimum conditions listed in Table 1 for the determination were applied in the experimental procedure. At least three injections were made for every sample solution. Although a blank without sulfonamides was treated in the same way as the samples, no absorbance was observed. The concentration of the analyte can be established using the calibration curves of A versus the concentration of sulfadiazine or sulfamethoxazole obtained from reference solutions under the same working conditions.
Treatment of samples
Several tablets containing sulfadiazine or sulfamethoxazole were accurately weighed, ground and powdered. An amount of this powder equivalent to about 2.0 g of sulfadiazine or sulfamethoxazole was dissolved in a sodium hydroxide solution (0.1 M) and hydrochloric acid solution (0.5 M), respectively. They were transferred into 250 ml volumetric flasks, and diluted to the mark with water. The contents of the flasks were shaken. They were then filtered and the first portion of the filtrate rejected. The amount of the remaining filtrate was further diluted with water to adjust the concentration to meet the requirement of the adopted experimental conditions. Urine samples were collected 4 -6 h after the patients took sulfamethoxazole tablets. These samples were filtered and further diluted with water to adjust the concentration to meet the requirement of the adopted experimental conditions.
Results and Discussion
Optimization of variables Choice of the medium.
In the proposed procedure, sulfuric acid, hydrochloric acid, phosphoric acid, and acetic acid solutions were tried as the reaction medium. Under the same condition, it was found that the signal of absorbance was higher in a hydrochloric acid solution. Therefore, hydrochloric acid was selected as the best reaction medium.
Influence of the diazotization reaction time.
Different diazotization reaction times were tried in the proposed experiments. It was shown that the absorbance was maximum and stable within 5 -10 min. Thus, 5 min was adopted as the diazotization reaction time. Simplex optimization of variables. Firstly, a univariate method was conducted over a wide range of values for each factor. The reagent concentrations, length of the reaction coil, sample volume and temperature were identified as the most important parameters for optimization. Secondly, the controlled and weighted centroid simplex method 12 was used to achieve the maximum absorbance. The simplex was halted after 25 and 22 vertexes, respectively, for the determination of sulfadiazine and sulfamethoxazole. The progress of the simplex is shown in Figs. 2 and 3 , indicating a gradual improvement in the peak height. The centroid (mean of eight retention points) was taken as the optimum operating conditions. Characteristics of the method A series of reference solutions were injected into the manifold under the optimized conditions to test the linearity of the calibration graph. The linear relationship between A and the concentration of sulfadiazine or sulfamethoxazole was obtained over the range of 0.2 -20 µg ml -1 and 0.1 -20 µg ml -1 , respectively. The detection limit (taken as three-times the standard deviation of the reagent blank/slope) was 0.06 µg ml -1 and 0.05 µg ml -1 , respectively. The calibration equations obtained by the least-squares method were given by where C1 and C2 are the concentrations of sulfadiazine and sulfamethoxazole in µg ml -1 , and γ is the linear correlation coefficient. Both analytes could be determined at a sampling frequency of 130 h -1 .
Interference of foreign species
The effects of interfering species in pharmaceuticals and urine were investigated concerning the determination of 4.0 µg ml -1 sulfadiazine and sulfamethoxazole. The possible interfering species examined are listed in Table 2 . When the permitted relative deviation from absorbance is larger than ±5%, the examined species may cause a significant alteration of the results. It can be seen that the proposed method has good selectivity.
Applications to real samples
The proposed method was applied to the determination of sulfadiazine and sulfamethoxazole in pharmaceuticals and urine by using the procedure described in the experimental section. Figure 4 shows the response of the blank and a sample analysis by FIA. In order to examine these results, the HPLC technique was also used for determinations by closely following a procedure described in the literature. 4 The results obtained by the two different methods are statistically compared in Table 3 . It can be seen that no significant differences were found between them. This confirms the validity of the method proposed in this work.
Conclusions
A new flow-injection spectrophotometric method was proposed for the determination of sulfadiazine and sulfamethoxazole. It has been shown that the proposed method is rapid, simple, and sensitive for the determination of sulfadiazine and sulfamethoxazole in pharmaceuticals and urine. It provides accurate and precise results over a wider range of concentrations with a higher sampling frequency and good selectivity. These facts encourage the application of this method for on-line automatic analysis. Fig. 4 Response of the blank and samples analysis by the FIA. a: 1, blank; 2, sulfadizine tablet 1 (2.91 µg/mL); 3, sulfadizine tablet 2 (3.28 µg/mL); 4, veterinary powder (4.49 µg/mL). b: 1, blank; 2, urine 2 (0.84 µg/mL); 3, urine 1 (0.84 µg/mL); 4, Xie Li ting tablet 1 (2.34 µg/mL); 5, Xie Li Ting Tablet 2 (2.49 µg/mL); 6, sulfamethoxazole tablet 2 (2.50 µg/mL); 7, sulfamethoxazole tablet 1 (2.58 µg/mL); 8, urine 3 (3.42 µg/mL); 9, urine 4 (5.66 µg/mL). 
